I. There is general agreement that the gill-withdrawal reflex elicited by weak tactile stimuli (less than 2 g to the siphon skin) is mediated almost entirely by the central nervous system (CNS) (13, 15, 18, 23) . However, there was disagreement concerning the effects of moderate intensity (2-4 g) stimuli. Kupfermann et al. (18) found that the CNS mediates approximately 94% of the reflex elicited by moderate-intensity stimuli, whereas Peretz et al. (23) found that in this stimulus range, the amplitude of the reflex was, on average, unaltered when the CNS tle preparations, we found that when a minimal response-amplitude criterion is imposed the CNS mediates 90-95% of the gillwithdrawal reflex, whether it is elicited by the "tapper" stimulus used by Peretz et al. (23) or by the servo-controlled probe previously used in this laboratory. On the other hand, when no minimal response criterion is used and small responses are also examined, the response to the probe is still significantly reduced by 85% when the CNS is removed, whereas the reflex response to the tapper is more variable, sometimes increasing and other times decreasing with deganglionation.
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The defensive withdrawal reflex of the addition, the two groups used different mantle organs of Aplysia culifornica has methods of stimulation so that stimulus in-proved to be useful for examining the celtensities could not really be compared. lular basis of behavioral plasticity because 3. By comparing the effects of moderateidentified nerve cells in the central nervous intensity stimuli in experiments with and system (the abdominal ganglion) directly without a response criterion in isolated manparticipate in the reflex (4, 5, 12, 15, 17, 21, 22) and because the reflex exhibits two types of short-term and long-term behavioral modifications (11, 25, 26 ). An analysis of the central mechanisms underlying these forms of behavioral plasticity requires an assessment of the contribution of the individual nerve cells to the behavior. This is especially important in invertebrates such as mollusks in which the same effector organ can sometimes be activated by peripheral neurons as well as by central ones (for earlier discussion of this problem see Refs. 14, 18, 19) .
The defensive withdrawal reflex has two main components:
gill withdrawal and siphon withdrawal.
In this paper we present data on the contribution of the central nervous system to the gill-withdrawal component. In the second paper of this series, Perlman (24) analyzes the relative contribution of central and peripheral neurons to the siphon-withdrawal component.
In the final paper of this series, Bailey et al. (2) compare the cellular mechanisms underlying the central and peripheral components of siphon withdrawal.
Previous studies have assessed the role of the various central neurons in mediating the gill-withdrawal reflex in both relatively intact animals (15, 16, 18) and in surgically reduced preparations (4, 5, 12, 13). These studies indicated that the central nervous system mediates approximately 90% of the gill-withdrawal reflex when weak to moderate-intensity mechanical stimuli are delivered to the siphon in order to elicit the reflex. Some of these findings have been confirmed by Peretz, Jacklet, and Lukowiak (23) who found that the reflex is mediated predominantly by the central nervous system when weak stimuli (less than 2 g) are used. However, with moderate-intensity stimuli (from 2 to 4 g), Peretz et al. (23) found more variable results; removal of the central nervous system sometimes reduced the reflex amplitude, but other times increased it so that on average the reflex was unaltered.
To resolve this disagreement about the role of the central nervous system in mediating the reflex to moderate-intensity stimuli, we first carried out pilot experiments in collaboration with B. Peretz, J. W. Jacklet. and K. Lukowiak. and then carried out a systematic study using an excised mantle preparation . There were a number of differences in stimulating and recording techniques between previous studies from this laboratory and those of Peretz and his colleagues, but the main difference that seemed to account for the discrepancy in the results was the magnitude of the reflex response that was selected for study. In previous studies from this laboratory (4, 5, 8, 15, 16, 18) a response-amplitude criterion was imposed on the reflex. If the reflex response to a weak or moderate stimulus was not brisk and clearly observable to begin with, the preparation was discarded because of the possibility that the reflex was either habituated or the preparation had deteriorated. Peretz et al. (23) imposed no response-amplitude criterion and examined all responses, even those that were extremely small. We here report a systematic examination of this question using the method of stimulation employed by Peretz et al. (23) and those previously used in this laboratory (6, 11, 13, 26) and examining responses both with and without selection criteria. We have found that if large-amplitude responses to weak or moderate stimuli are examined, removal of the CNS dramatically reduces or abolishes the reflex response.
On the other hand, when small reflex responses are examined, removal of the CNS still greatly reduces the reflex response with our methods of stimulation, but sometimes does not reduce the response at all when the method of stimulation of Peretz et al. is used. We have also carried out a series of experiments in intact animals using waterjet stimuli to the siphon to elicit the reflex, as we have used in previous behavioral studies (11, 26 tories, Venice, CA. Two types of experimental preparations were used: I) excised mantle preparations, and 2) intact, restrained animals.
Excised muntle prepurutions
The mantle organs (including the gill, siphon, and mantle shelf) were surgically excised, leaving them attached to the abdominal ganglion by its peripheral nerves (the siphon, genital, and branchial nerves). The excised mantle and ganglion were pinned ventral side up to the Sylgard floor of a small chamber so that the gill lay on top of the mantle shelf (Fig. 1A) . The preparation was constantly perfused with cooled (15OC) and filtered artificial seawater (Instant Ocean). The siphon skin was pinned flat with its inner surface facing upward.
Tactile stimuli were delivered to the siphon skin by means of two kinds of stimulators: 1) a tapper stimulus used by Peretz et al. (23) , which delivered a brief (30 ms) tap to the base of the siphon by means of a rod which had a diameter of 1.5 mm and was attached to a solenoid (23) . Stimulus intensity was calibrated as in Peretz et al. (23) by delivering taps of different intensities to a force transducer (Grass FT .03) and recording the voltage to the solenoid (from a Grass S88 stimulator) necessary to achieve a given force. 2) A servo-controlled mechanical stimulator was used, which could deliver either a constant force or a constant displacement (3). The servo-controlled stimulator delivered a tactile stimulus (constant force) to the rim of the siphon for 800 ms. The probe diameter was 0.56 mm. The servocontrolled stimulator has a force transducer in series with the probe tip. As a result it provides a continuous measure of the actual force delivered to the skin. The transducer was calibrated by lowering the probe onto a piece of Sylgard placed on the loading pan of an electronic balance. These two types of stimuli were alternated in the same experiment (see below for protocol). The gill-withdrawal response elicited by these stimuli was recorded by means of a CAREW, CASTELLUCCI, BYRNE, AND KANDEL strain gauge (Grass FT .03) in the manner described by Peretz et al. (23) . A loop of suture thread (005 silk) was attached to the top of a gill pinnule and lead to the force transducer. All transducer records were displayed on-line by means of a Grass polygraph and simultaneously stored on FM tape (Hewlett-Packard 3960) for subsequent data analysis. In a few experiments gill contractions were also videotaped (see below for details of videotape techniques). Experiments were begun after the preparation was rested for at least 1 h.
Intuct prepurations
Animals were restrained in a small aquarium containing constantly perfused cooled (15OC) and aerated artificial seawater (for details see Ref. 26) . The parapodia and mantle were retracted to reveal the gill in the floor of the mantle cavity. A small platform was placed under the gill to keep it fully visible on a flat surface. Two small hooks were inserted in the siphon skin and the siphon gently retracted to keep it in a relatively constant position. Quantifiable jets of seawater were delivered from a Water-Pik to elicit the gill-withdrawal reflex (see Ref. 26) . A fixed intensity of 4 g (for calibration procedures see Ref. 18 ) was delivered for 800 ms at a fixed distance of 19 cm from the siphon skin. The water-jet stimulus was aimed at the inner surface of the siphon skin with the nozzle facing away from the gill so as to prevent or minimize any direct stimulation of the gill.
The gill-withdrawal reflex was measured by means of a closed-circuit television system. Video recordings were obtained by directing a video camera (Panasonic WV-241P) at a mirror (placed at an angle of about 45"), which allowed viewing the preparation from a dorsal perspective. A continuous timing signal from a video timer (GYRR type G77) was simultaneously recorded. Recordings were displayed on an 8-inch screen of a video monitor (Panasonic type WV-930) driven by a videotape recorder (GYRR DAS 300), which permitted both variable slow-motion and single, stop-frame analysis of gill contractions. The reflex amplitude was quantified by tracing a single-frame outline of the gill u) 5 s prior to a stimulus, and h) at the peak of contraction (determined by repeated slowmotion observations).
Tracings of the gill were made from the video monitor screen onto clear plastic transparencies.
The outlines of the gill were then retraced from the transparencies onto tracing paper, which were cut out and weighed to the nearest milligram on an electronic balance. The difference in weight between the relaxed gill tracing and the tracing of the gill at the peak of a contraction provided a measure of the percentage reduction of the planar gill area during a contraction (see Fig. 4 ). To estimate the reliability of this technique, the same gill contraction was independently measured 5 times. There was less than 1% variability of measurement.
Following assessment of the gill-withdrawal reflex, two types of surgical procedures were used in the intact animal preparations: I) deganglionation, and 2) sham operation.
DEGANGLIONATION.
Using a stereomicroscope and fiberoptic illumination, a small slit was made in the caudal neck region of the animal just anterior to the genital pore. Small stainless steel hooks were inserted into the incision and the skin was gently retraced upward. The water level of the aquarium had previously been lowered below the level of the incision. This procedure minimized the loss of blood during the operation. By shining the fiberoptic either through the body wall or directly into the incision, the abdominal ganglion could usually be visualized quite easily. All peripheral nerves and the two pleuroabdominal connectives were then cut. The ganglion is normally attached to the anterior aorta by connective tissue and, therefore, cutting the connectives and nerves often resulted in cutting the aorta as well. The ganglion was left inside the animal and the incision was sutured closed. During surgery the gill collapsed. However, after about 1 h the gill usually had reinflated to about 90% of its original volume. On occasion, artificial seawater was injected into the hemocoel to facilitate gill inflation.
SHAM
OPERATION.
All the procedures described for deganglionation were exactly the same for the sham operation with a single exception: the abdominal ganglion was not disconnected from the mantle organs and head region; the connectives and peripheral nerves were left intact. To assure comparability of these control animals to the deganglionated animals, the anterior aorta of all sham-operated animals was cut.
RESULTS
We have carried out experiments on both excised mantle preparations and intact animals. We will first consider the results from excised mantle preparations. The protocol for these experiments derive from two pilot studies carried out with B. Peretz, J. W. Jacklet, and K. Lukowiak.
In the first experiment we used the preparation developed by Peretz et al. (23) . Gill withdrawal was measured with a strain gauge and the reflex was elicited by brief (30 ms) taps to the base of the siphon by a rod attached to a solenoid (Fig. LA) ; see METHODS for details). The mantle was excised with the CNS still attached and pinned in a recording chamber (as described in METHODS).
One hour after dissection a single tapper stimulus (intensity, 2.3 g) was delivered to the siphon skin and the gill withdrawal produced by the stimulus was recorded with a strain gauge. The CNS was then removed by cutting the branchial, genital, and siphon nerves, and an hour later a second tapper stimulus was delivered (Fig. l&) . The centrally commanded respiratory pumping movement of the gill, attributed to the interneuron II complex (7, 17, 21) was used as an indicator of the maximal contraction that a preparation can exhibit (Fig. I&) . In this example, the response was so large that it blocked the amplifier. The clipped record in Fig. l& , therefore, underestimates the actual amplitude of a maximal contraction. Figure l& shows the gill contraction produced by the tapper stimulus with the CNS attached and then 1 h after the CNS was removed. The data are shown graphically in Fig. 1C . Figure  1C expresses the data as were shown by Peretz et al. (23) . The response without the CNS is shown as a percentage of the initial response: thus the data are shown as a ratio of the response without the CNS to that with the CNS ((w/0)/w). In this experiment the response after ganglionation increased by 20% providing a (w/0)/w ratio of 1.2. The data presented in this way do not however permit assessment of the actual amplitudes of the responses. One way to obtain such a measurement is to express the response amplitudes as a percentage of a spontaneously occurring contraction, which is shown in Fig. l& . In previous experiments from this laboratory (13, 15, 16), a minimum responseamplitude criterion was used, and only brisk and clearly observable responses were examined. However, a fixed operational criterion was not stated. In subsequent pilot studies we explicitly used a minimum criterion of 35% of the average maximum spontaneous gill contractions, and we have employed that in the present study. This minimum criterion is indicated by the dashed lines in Fig. ID . In this experiment the initial tapper response was 8% of a maximum contraction, and after the CNS was removed, the response was 9% of maximum. Thus both responses are small compared to the maximal spontaneous contractions.
However, the response after the CNS was removed did increase, and in our previous experiments we never observed a response increase after removal of the CNS. There are two main differences between this experiment and previous experiments from this laboratory. First, since in our previous experiments we required that the initial reflex response meet a minimum response-amplitude criterion, we would not have accepted this preparation because of the low initial amplitude of the reflex. Second, we used different stimulating and recording techniques.
We, therefore, carried out the next joint experiment to examine whether these factors might account for the discrepancy in our observations. We examined the reflex using both a controlled-force probe (6, 13) and the tapper used by Peretz et al. (23) in the same experiment. The tapper delivered stimuli to the base of the siphon (as in Peretz et al., Ref. 23) and the probe to the siphon rim (see Fig. 2A ) as in our previous studies. For any given stimulus force in grams (grams-force) the actual pressure delivered to the skin by the probe and tapper differs (see DISCUSSION) , but we selected a 4-g stimulus in each case since it was agreed a priori that a 4-g probe stimulus to the tip of the siphon and a 4-g tapper stimulus to the base of the siphon would both fall into a moderate and roughly comparable intensity range. Stimuli were delivered alternately (separated by 20 min) first with the ganglion attached and then 1 h after it was removed. The probe in this experiment produced a small response, which would not have been accepted in our normal experiments (Fig.  2B) . Nonetheless, after the CNS was removed this response was abolished. The tapper produced an even smaller response but, unlike the probe, when the CNS was removed the tapper response increased. If one normalizes the data on the basis of the initial response, the probe produced a (w/o)/ w ratio of 0.0, whereas the tapper produced a ratio of 4.0 (Fig. 2C) . However, as pointed out. above, these ratios do not reflect the actual magnitude of the responses. This preparation did not exhibit any spontaneous contraction. However, since the gains in the two experiments and the recording procedures were identical, we used the spontaneous contraction from the previous day's ex- periment as a rough estimate of response magnitude. The previous day's spontaneous contraction is shown in Fig. 2B ,. The actual response amplitudes based on this estimate are shown graphically in Fig. 2D . The probe response was 13% of a maximum response and was abolished when the CNS was removed. The tapper response was initially 5% of a maximum response and when the CNS was removed, it was 19% of maximum: a 14% increase. All of these responses are smaller than our normal minimal criterion (dashed line). These data thus suggested that the differences in our results might be related to two factors: 1) the initial reflex amplitude, and 2) the method of stimulation. We, therefore, carried out a series of experiments to examine these possibilities. The experimental design of this series was the same as the second joint pilot experiment. The controlled-force probe and the tapper were alternated in the same experiment. A single force of 4 g was used for both the probe and tapper in all experiments. In half the experiments the probe was the first stimulus delivered and in the other half, the tapper was the first stimulus. Responses were measured with a strain gauge. After probe and tapper responses were obtained with the CNS attached, the CNS was excised by cutting the genital, siphon, and branchial nerves, and an hour later the two stimuli were delivered again. Seventeen experiments were carried out. In 10 of these the initial response to the probe met our usual criterion of at least 35% of the average large spontaneous gill contractions observed in a given experiment.
An estimate of the average contractions was obtained by computing the mean amplitude of all the large spontaneously occurring respiratory (pumping) contractions throughout each experiment. The only criterion that was imposed on the tapper was that the initial response had to be greater than zero. In 3 of the 10 experiments in which the probe response met criterion, the initial tapper response was zero. Therefore, only seven preparations contributed to the tapper response of this series. In all cases, where the tapper response was zero prior to removal of the CNS, it was also zero in subsequent tests 1 h later. The results are illustrated in Fig. 3A where the actual amplitudes of all responses are expressed as a percentage of the average spontaneous contractions.
Removal of the CNS significantly reduced the response to the probe by 95% to a mean (w/0)/w ratio of 0.05, or 5% of the initial response (P < 0.005; t test for correlated means comparing scores before and after removal of the ganglion, t = 5.22; twotailed comparison).
The response to the tapper was reduced by 98% to a mean (w/0)/w ratio of 0.02, or 2% of its initial response. Because the tapper data were not normally distributed, a parametric statistical analysis was not warranted. However, in 7 of 7 experiments, the contraction produced by the tapper was reduced or abolished after the ganglion was removed. A sign test showed that this reduction was significant (P < 0.031). Thus, with a minimal responseamplitude criterion for the probe, the CNS mediates approximately 95% of both probe and tapper responses.
We also carried out a series of control experiments (n = 10) in which an identical protocol was used but the ganglion was not excised; instead, a rest of 1 h after the initial response was allowed. There was no significant difference among the probe or tapper responses in these experiments, indicating that neither habituation nor deterioration of the preparation accounted for the results shown in Fig. 3A . The mean ratio for 1 h rest/ initial response for the probe = 0.79 t 1.0 SD and for the tapper = 1.0 t 1.5. The initial tapper response in 5 of 10 of these control experiments was zero. Therefore, only five preparations contributed to the tapper responses of this series.
In seven experiments the initial probe response did not meet our criterion (Fig. 3B) . Although the reflex response to the probe was now small (13% of a maximum response), removal of the CNS still significantly reduced the response by 86% to a mean (w/0)/w ratio of 0.14 (P < 0.001). The tapper response was also small (2% of a maximum response) but removal of the CNS increased the mean response to 4% of maximum, which constituted a mean (w/0)/w ratio of 1.2 (due to variability of the tapper response this was not a statistically significant increase). Thus when the initial reflex amplitude to the probe stimulus is large, the response to either the probe or the tapper is almost entirely mediated by the CNS. When small responses are examined, the response to the probe is still significantly reduced by removal of the CNS, whereas the response to the tapper can actually increase.
Intact unimal preparations
In our behavioral experiments with intact, restrained, or freely moving animals, we have elicited gill and siphon withdrawal with quantifiable jets of seawater to the siphon (9, 11, 15, 18, 25, 26). We carried out a final series of experiments to examine the quantitative contribution of the CNS to the reflex evoked in this manner.
Animals were restrained in an aquarium and the mantle retracted to reveal the gill. The gill-withdrawal reflex was elicited with a jet of seawater to the siphon. The intensity of the seawaterjet was the same as was used in our behavioral studies (see Ref. 
FIG. 3. Relationship of reflex amplitude to CNS contribution to gill withdrawal evoked by tactile stimulation of the siphon. Seventeen experiments were carried out using the protocol described in Fig. 2 (also see text) . Response amplitudes are expressed as a percentage of mean large-amplitude spontaneous contractions within a given experiment. Initial responses (with CNS attached) are shown in unshaded histograms; responses after CNS removal are in shaded histograms. Data are expressed in means * SE. For comparison with Peretz et al. (23) , data are also expressed as ratios. A : in 10 experiments in which reflex response to the controlled-force probe (4-g stimulus) met criterion (at least 35% of mean large-amplitude spontaneous contractions) removal of the CNS significantly reduced reflex (P < 0.005). In seven of these experiments, the initial tapper response was greater than zero. Removal of the CNS also significantly reduced the reflex response to the tapper (P < 0.031). B: in seven experiments initial probe response did not meet criterion. Although reflex response to the probe is small in these experiments (mean amplitude, 13% of maximum) removal of the CNS still significantly reduces reflex (P < 0.001). Tapper response was also very small (mean amplitude, 2% of maximum) but following removal of CNS, the mean amplitude increased to 4% of maximum. For tapper responses, n = 5 because initial tapper response was zero in two experiments. least 30 min. A single score for preoperative response amplitude was obtained by taking the average of the responses to these two stimuli. So that these experiments would be comparable to the previous excised mantle preparations, a 35% minimum responseamplitude criterion was also used. In five experiments we determined that a maximum spontaneous contraction constituted about a 65% reduction in gill area (mean percent reduction = 63.4 t 16% SD). Thus we only accepted preparations that exhibited at least a 23% reduction of gill area. About half of the preparations examined met this criterion. After obtaining the preoperative responses in half the accepted animals the CNS was removed; the other half had identical surgery (see METHODS) without removing the ganglion. An hour after surgery two more stimuli were delivered at comparable intervals as prior to surgery. A single score for postoperative response amplitude was obtained by taking the average of the responses to these two stimuli. An example of the results is shown in Fig. 4A . The reflex contraction produced a 74% reduction in gill area (that is, the area of the contracted gill was 26% of the relaxed gill's area). After the ganglion was removed an identical stimulus produced virtually no response. The contraction was a 3% reduction of gill area, providing a (w/0)/w ratio of 0.04. An example of a sham-operated animal is shown in Fig. 4B . The initial reflex response was an 81% reduction of gill area. Following a sham operation, the reflex was still intact: the same stimulus produced a periments in which jets of seawater are used, the CNS mediated an average of 90% of the reflex.
DISCUSSION
The gill-withdrawal reflex of Apl_ysia can be elicited by tactile stimuli to the siphon that vary in intensity from very weak to very strong (or noxious). There is no disagreement about the role of central and peripheral nervous systems mediating the reflex at either end of this range of stimulus intensities. Both Kupfermann et al. (18) and Peretz et al. (23) found that with weak stimuli (less than 2 g), the reflex is entirely mediated by the CNS (the abdominal ganglion) and when strong or noxious stimuli are used, the peripheral nervous system may contribute significantly to the total response. There was disagreement, however, concerning the consequences of moderate intensity (2-4 g) stimuli. Kupfermann et al. ( 18)) using waterjet stimuli, and Kandel et al. (13), using a controlled-force probe, found that the CNS mediates approximately 94% of the reflex with stimuli sufficient to produce large gill contractions (see, for example, Fig. 4 ), whereas Peretz et al. (23) stated that with equivalent stimuli the amplitude of the reflex was, on average, unaltered when the CNS was removed. The purpose of the present paper is to resolve this disagreement by examining differences in experimental procedures and differences in response selection. (23) used a tapper stimulus consisting of a 15cm-long metal rod (a straightened paper clip) with a 2-cm portion of the end bent at a right angle. The rod was driven by a solenoid that was not servo-controlled.
The difference in design of these stimulators affected the actual intensity of the stimulus, even when comparable forces expressed in grams were applied. The controlled-force probe used by Kandel et al. (13) had a diameter of 0.56 mm, whereas the rod diameter of the tapper used by Peretz et al. (23) was 1.50 mm. Thus, for example, a "4-g" stimulus delivered by the controlled-force probe would produce a constant pressure of 1,600 g/cm2 on the siphon skin, whereas a comparable 4-g stimulus delivered by the tapper would deliver a variable pressure of 228 g/cm2 of the siphon skin (due to the lack of servo control and the nature of the calibration procedure, see METHODS).
In addition, both Kupfermann The water-jet stimuli used by Kupfermann et .al. (15, 18) and the controlled-force probe used by Kandel et al. (13) were directed at the rim of the siphon skin. By contrast, Peretz et al. (23) found that the tapper stimulus reliably produced responses after CNS removal only when applied to the base of the siphon. This could be an important difference, for Peretz et al. (23) Although all of the differences described above may contribute, the magnitude of reflex responsiveness is the most important variable in explaining the differences between our observations and those of Peretz and his colleagues. Thus, we find that when a minimal response-amplitude criterion is imposed and stimuli of 4 g or less are used, the CNS mediates 90-95% of the gill-withdrawal reflex, whether it is elicited by the tapper stimulus used by Peretz and his colleagues, by a controlled-force probe, or by jets of seawater to the siphon. When no criterion is imposed and smaller responses are also examined, other factors such as stimulus quality and location may also be important when the tapper stimuli is used. Since the magnitude of initial reflex responsiveness emerged as an essential factor, it is important to consider the rationale of imposing a response-selection procedure. A variety of factors can reduce reflex responsiveness and make it difficult to assess the actual CNS contribution to the reflex. One factor is simple physiological deterioration of the preparation. A second factor is the animal's previous environmental history. In a field study Carew and Kupfermann (10) found that animals that live in turbulent environments show significantly depressed siphon-withdrawal reflexes compared to animals living in calm environments.
Furthermore, in controlled laboratory experiments, Carew et al. (11) found that reflex habituation can last for several weeks. Another source of reflex depression is the motivational state of the animal. Recently, Advokat, Carew, and Kandel (1) found that the recent feeding history of animals can alter their reflex responsiveness.
The siphonwithdrawal component of the defensive withdrawal reflex is significantly depressed in animals that have recently eaten a meal CAREW, CASTELLUCCI, BYRNE, AND KANDEL compared to animals that have eaten 24 h previously. Any selection procedure used in experiments necessarily limits, at least to some degree, the ability to generalize from the results of those experiments. But what one gains by imposing criteria for accepting responses is the ability to interpret more accurately the results from those experiments. Although the use of the selection procedure that we have used here is a precautionary measure to insure that a centrally mediated response is examined, this does not mean that all the rejected animals have predominantly peripherally mediated responses. In fact, when animals that would normally be rejected in our experiments are examined, the probe stimulus still elicits a response that is predominantly (86%) centrally mediated.
Our results indicate that there is always a contribution of both central and peripheral nervous systems to the gill-withdrawal reflex elicited by tactile stimulation to the siphon. This has been previously emphasized by Kupfermann et al. (15, 18) , by Peretz et al. (23) , and by Lukowiak and Peretz (20) . However, our results also show that, by appropriate selection of stimulus parameters and response criteria, one can st udy the central compone nt of the reflex i n relative isolation, that is, one can examine a reflex which is at least 90% centrally mediated. This m akes it possi ble to study the central neural mechanisms of both the short-and long-term forms of behavioral modification that is exhibited by the gill-withdrawal reflex.
